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Introduction
T he study o f the electronic structure o f cyclic am ides co n tain in g XIV group elem ents (Si, Sn, Pb) is an interesting challenge, due to the m ultiplicity o f factors affccting possible interactions between m ore or less localized orbitals (for instance n itro gen and m etal lone pairs, m etal-nitrogen bond o r bitals, etc.). In fact, these interactions critically de pend on the m olecular structure, in particular on the geom etry o f the ring.
The class o f m etal am ides 1 -4 show n in Fig. 1 exhibits som e interesting structural features which can be suitably studied by gas-phase UV p h o to electron spectroscopy (UPS): the possible "th ro u g h space" interaction between the two ni trogen lone pairs; the role played by the S i-C and S n -C b o n d s in the m echanism o f this interaction in the cyclic am ides 1 -4 ; the presence o f the m etal lone pair, in 1 and 2, th at m ay be partially delocal ized, and the involvem ent o f vacant 3 d Si orbitals in the d 7I(Si) <-p^(N) interaction, as already o b served in the analogous non-cyclic com pounds 5 and 6 [1] an d in m olecules containing Si-halogen [2] and S i -C (unsaturated) bonds [3] , The He I and He II gas-phase U P spectra o f title co m p o unds 1-4, supported by pseudopotential "ab initio" calculations, were very helpful in this inves-* R eprint requests to Dr. C. Cauletti.
Verlag der Zeitschrift für Naturforschung, D-7400 Tübingen 0932-0776/91/0100-0039/$ 01.00/0 tigation allow ing also a com parison between 1 and 2 and the non-cyclic am ides 5 and 6, already stu d ied by H e I [1] , All com pounds 1 -6 have already been studied extensively by m ultinuclear m agnetic resonance [4 -6 ] and UPS should provide im p o rtan t inform a tion for com parison.
The m ethod o f calculation used proved already reliable in com parison w ith U PS d a ta for XIV group elem ents com pounds [7 -9 ] ,
The gas-phase m olecular stru ctu re o f com pound 1-4 is still unknow n and only the solid phase structures o f 2 was determ ined by X -ray m ethod [10] , w here the ring geom etry resulted planar. A l though in the cyclic diazastannylenes and plum bylenes the form ation o f dim ers, due to an interm olecular Lewis acid-base interactio n o f Sn(II) w ith nitrogen, is possible in solid and liquid phase [11, 12] (depending on the organic nitrogen substi tuent), all gas-phase spectra are consistent w ith m onom eric species. The presence o f b o th Sn(IV) an d Sn(II) d eriva tives, in the series o f investigated com p o u n d s 1 -4 , offered the o p p o rtu n ity o f evaluating the effect o f the change in tin -co o rd in atio n on the electronic structure. F u rth erm o re, we could observe w hether the substitution o f tin by lead and o f silicon by tin affected to an appreciable extent the bonding situ ation in the ring. UP spectra: He I and H e II gas-phase p hotoelec tro n spectra were o b tain ed by using a Perkin-Elm er PS 18 spectrom eter w ith a m odified hollow cathode discharge lam p (H electros D evelop m ents). All the sam ples were handled under A r and introduced into the instru m en t as soon as p o s sible to avoid a long exposure to the air. The sam ples were heated a t tem p eratu res ranging from 25 to 80 °C and the spectra were calibrated by use o f H e I s -1 ionization lines produced by the various H e(II) em ission lines in conjunction w ith an A r or N 2 calib ratio n leak. Sn an d C atom s, relativistic ones for Pb and Sn, were rep o rted in a our previous w ork [8] . [10] , was ad o p ted in the calculation o f com pound 2'. The structure used for com p o u n d 3' was based on the m olecular geom etry o f l,3,5,7-tetra(fer/-butyl)-2,2,6,6-, te tra m e th y l-1,3,5,7-tetraza-2,6-disila-4/.4-stanno-spiro [3, 3] heptane, determ ined in solid phase by X -ray m ethod [10] . In the calculation o f 4' the S n -N b o n d distance w as the same used in 3'
T able IV. P seudopotential ab initio results fo r m olecules 1', 2,; Me M e--^0 -7 9 / M e-^ \ co.9ir Me-^0.81/ 
Results and Discussion
The He I and He II spectra o f the com pounds 1-4 are show n in Fig. 2 while the corresponding ionization energies (IEs) are reported in Tab. I ll together with the proposed assignm ent. The analy- 
M eta l( II) amides
The He I spectra of the metal(II) amides 1 -2 clearly show four peaks in the 7 -1 0 eV IE range, the second and the third ones being better resolved in the tin compound. A fifth band is also visible as a shoulder at 10.2 and 10.5 eV, respectively for the lead-and tin-containing molecule. The first three ionizations can be associated with the two nitro gen lone pairs and with the metal lone pair, as ob served in the analogous opened amides 5 and 6 [1] . The results of the MO calculations for the Pb(II) and Sn(II) dimethyl amides (1' and 2' in Tab. IV) support the above assignment of the first three bands and complete the overall interpretation of the spectra.
In the investigated metal(II) amides 1 and 2: the first and the third band are associated with non bonding m .o.s. strongly localized on the two ni trogen atoms «Nasym(a2) and «Nsym(b2), respectively an asymmetric and symmetric linear com bination of the two p, nitrogen atomic orbitals; the second band corresponds to the ionization of the non bonding m .o. mainly localized on the metal atom /?M(a,); the fourth one is associated with a m. o. (b,) of essentially < tn_m character and the shoulder (at 10.2 eV in the 1 and 10.5 eV in 2) can be attributed to the ionization of a m .o. (b2) with a strong erSjC character.
The assignment is in tune with the com parison between He I and He II spectra: in both 1 and 2 the strong decrease in intensity of the second band, relative to the first and third one, can be reasona bly interpreted as a different behaviour o f the pho toionization cross section of the metal lone pair compared with that of the nitrogen lone pairs as a function of photon energy.
The m .o. sequence resulting from such an anal ysis in the same as for the non-cyclic molecules 5 and 6 (see Fig. 1 ), studied only by He I ionizing ra diation [1] . However, significant differences can be found in the IE values: in fact in the cyclic case, where N -N distance is shorter, the energy separa tion between the two interacting levels, (zf«N(l) = 0.99 eV and Ann (2) = 1.00 eV), is smaller than in the non-cyclic case ( J a n (5) = 1.23 eV and zf«N(6) = 1.21 eV). This is due to the 7r-type overlap between the two parallel non-bonding nitrogen orbitals de termined by the planar ring geometry, whilst in the corresponding non-cyclic amides, where the two nitrogen orbitals lie on the same plane of the N -M bonds, a better cr-type overlap is allowed.
The IEs of the lead-compound (1) are systemati cally lower than the corresponding ones of the tinanalogue (2), due to the strong metal character of Pb com pared to Sn. The IE of the lead non-bond ing orbital nPb, is 0.20 eV lower than that of the corresponding tin orbital nSn, and this value is very near to the difference between the analogous IEs in structurally related non-cyclic amides M [N(SiM e3)2]2 (where M = Pb, Sn) [1] , as well as in 5 and 6, namely 0.22 and 0.21 eV respectively.
The mixed s -p character of nM non-bonding or bitals proposed in 5 and 6, clearly exists also in the cyclic amides 1 and 2, as suggested by the popula tion analysis of 9a, m .o. in 1' and 2' (see Tab. IV).
The above results also remark the large delocali zation of the metal lone pair on the nitrogen atoms, and this seems to be metal-size depending, being larger for Pb (% N = 42.6) than for Sn (% N = 31.8).
The splitting between the first and third band («Nasym and /7Nsym), in the compound 1 and 2 is al most the same, being 0.99 and 1.00 eV respective ly. Analogous situation was found in the amides 5 and 6 [1] , where the differences between the IEs of the m. o. s. /zNasym and /7Nsym are 1.23 and 1.21 eV re spectively.
The substantially smaller splittings observed in the cyclic amides (1 and 2) point out a different "through space" interaction between the nitrogen lone pairs in the two series of amides.
M eta l(IV ) amides
The He I spectra of the Sn(IV) amides 3 and 4 present, in the IE range 6-11 eV, five and four bands, respectively. In both spectra, these bands correspond to six final electronic states. The first and the second band, associated with the m .o.s. >7Nasym(a2) and nNsym(b2) (see Fig. 2 and Table III) are not well resolved in 4 , where a large double band is clearly visible, while two distinct peaks are present in the spectrum of 3. The large band, cen tered at 9.28 eV in 3, is connected with two m. o. s. of a, and b, symmetry with a strongly mixed crSnN and crsjN character and the following shoulders, at 9.85 and 10.49 eV, correspond to two b2 m .o.s. of mixed crSnC and a S]C character. In 4 , the broad dou ble peak at 8.83 eV is associated with two m .o.s. of b, and a, symmetry of dom inant <rSnN character.
while the subsequent two peaks of lower intensity are connected with two b2 m. o. s. of erSnC character.
The IE values o f the Si-containing amide 3 are systematically higher than the corresponding ones o f 4 (see Table III ). The effect of the replacement o f silicon by tin is evident in all the above ioniza tions. With regard to the nitrogen lone pair ioniza tions, the lower IE values in 4 are due to the higher electronic charge localized on the nitrogen atoms due to both the stronger metal character of Sn com pared to Si, and the missing d^Si) <-p^(N) in teraction. A substantial participation of vacant Si 3d orbitals, existing in these cyclic amides and pointed out by the results of the MO calculations (see Tables IV and V) , was also observed in the analogous non-cyclic Pb(II) and Sn(II) amides [1] , On the other hand, a similar effect has also been pointed out in other silicon-containing com pounds [2, 3] . The lower IEs of the Sn -N and S n -C f f bond orbitals com pared respectively with S i-N and S i-C a bond orbitals explain the syste matically lower IEs o f the 7b,, 1 la,, 7 b 2 and 6b2 MOs in 4 versus 3.
The IE splittings between the two nNasym and «Nsym orbitals in the com pounds 3 and 4 are respec tively 0.38 and 0.23 eV.
The difference is probably due to the decrease of the "through space" interaction between the nitro gen non-bonding orbitals, to be ascribed to the larger size of the tin atom compared to silicon.
In addition a stronger destabilization o f the 8b2 m .o. o f 4, by interaction with the lower 6 b 2 level, corresponding to a m .o. which is delocalized, in 4, on the S n -C o bonds and in 3 on the S i-C and S n -C a bonds, could be present (see below).
One o f the most interesting results is the striking difference in the IE splitting between the wNasym and nNsym m .o.s. ( J « N) due to the change of the tin coordination.
The (zJ«N) value of 1.00 eV is reduced to 0.38 eV on passing from Sn(II) amide (2) 
t>2u-

Comparison with N M R Data
The marked nuclear deshielding o f l5N in m ono meric tin(II) and lead(II) amides as com pared to analogous tin(IV) and lead(IV) com pounds [4 -6 , 20 ] (see Table VI ) has been interpreted as a func tion of the nature o f the M -N bonds and the elec tronic structure at the site of the metal atom. This is now supported by the UPS data and the popula tion analysis (Tables IV and V) . The lower IE for Pb and the greater delocalization of the Pb lone pair explain the greater deshielding o f the l5N nuclei in the lead(II) com pounds in com parison with the tin(II) derivatives. The reduced l5N nuclear shielding in the four-membered hetero cycle 2 with respect to 6 is paralleled by the smaller energy separation zJ/?N as a consequence o f the planar ring geometry in 2.
The huge deshielding of the metal nuclei, in p ar ticular that of 207Pb, in the monomeric com pounds 1, 2, and also 5, 6 is not reflected by the UPS data. This is expected if a large part of the deshielding originates from the presence o f an energetically low-lying LUM O centered at metal atom [4 -6 , 20] . The B0-induced mixing o f the ground states with the LUM O leads to a large param agnetic effect. In the case o f the 207Pb nuclei in 1 and 5 additional large deshielding may be attributed to the so-called H A H A effect (heavy atom shift o f the heavy atom) [21] which takes into account relativistic contributions of the Pb lone pair to 2(,7Pb nuclear shielding. We wish to thank Dr. J. P. Daudey for a copy of the PSHONDO code.
